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Message from Sylvia Burwell 
Secretary, U.S. Department of Health and Human Services 

The mission of the Department of Health and Human Services is to enhance and protect the 
health and well-being of all Americans. This report confirms that the use of electronic cigarettes (or 
e-cigarettes) is growing rapidly among American youth and young adults. While these products are 
novel, we know they contain harmful ingredients that are dangerous to youth. Important strides have 
been made over the past several decades in reducing conventional cigarette smoking among youth and 
young adults. We must make sure this progress is not compromised by the initiation and use of new 
tobacco products, such as e-cigarettes. That work is already underway. 

To protect young people from initiating or continuing the use of e-cigarettes, actions must be 
taken at the federal, state, and local levels. At the federal level, the U.S. Food and Drug Administration 
(FDA)—under authority granted to it by Congress under the Family Smoking Prevention and Tobacco 
Control Act of 2009—took a historic step to protect America’s youth from the harmful effects of using 
e-cigarettes by extending its regulatory authority over the manufacturing, distribution, and marketing 
of e-cigarettes. Through such action, FDA now requires minimum age restrictions to prevent sales 
to minors and prohibits sales through vending machines (in any facility that admits youth), and will 
require products to carry a nicotine warning. 

We have more to do to help protect Americans from the dangers of tobacco and nicotine, espe­
cially our youth. As cigarette smoking among those under 18 has fallen, the use of other nicotine 
products, including e-cigarettes, has taken a drastic leap. All of this is creating a new generation of 
Americans who are at risk of nicotine addiction. 

The findings from this report reinforce the need to support evidence-based programs to prevent 
youth and young adults from using tobacco in any form, including e-cigarettes. The health and well­
being of our nation’s young people depend on it. 
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Foreword 

Tobacco use among youth and young adults in any form, including e-cigarettes, is not safe. In 
recent years, e-cigarette use by youth and young adults has increased at an alarming rate. E-cigarettes 
are now the most commonly used tobacco product among youth in the United States. This timely report 
highlights the rapidly changing patterns of e-cigarette use among youth and young adults, assesses 
what we know about the health effects of using these products, and describes strategies that tobacco 
companies use to recruit our nation’s youth and young adults to try and continue using e-cigarettes. 
The report also outlines interventions that can be adopted to minimize the harm these products cause 
to our nation’s youth. 

E-cigarettes are tobacco products that deliver nicotine. Nicotine is a highly addictive substance, 
and many of today’s youth who are using e-cigarettes could become tomorrow’s cigarette smokers. 
Nicotine exposure can also harm brain development in ways that may affect the health and mental 
health of our kids. 

E-cigarette use among youth and young adults is associated with the use of other tobacco prod­
ucts, including conventional cigarettes. Because most tobacco use is established during adolescence, 
actions to prevent our nation’s young people from the potential of a lifetime of nicotine addiction are 
critical. 

E-cigarette companies appear to be using many of the advertising tactics the tobacco industry 
used to persuade a new generation of young people to use their products. Companies are promoting 
their products through television and radio advertisements that use celebrities, sexual content, and 
claims of independence to glamorize these addictive products and make them appealing to young 
people. 

Comprehensive tobacco control and prevention strategies for youth and young adults should 
address all tobacco products, including e-cigarettes. Further reductions in tobacco use and initiation 
among youth and young adults are achievable by regulating the manufacturing, distribution, mar­
keting, and sales of all tobacco products—including e-cigarettes, and particularly to children—and 
combining those approaches with other proven strategies. These strategies include funding tobacco 
control programs at levels recommended by the Centers for Disease Control and Prevention (CDC); 
increasing prices of tobacco products; implementing and enforcing comprehensive smokefree laws; and 
sustaining hard-hitting media campaigns, such as CDC’s Tips from Former Smokers that encourages 
smokers to quit for good, and FDA’s Real Cost that is aimed at preventing youth from trying tobacco and 
reducing the number of youth who move from experimenting to regular use. We can implement these 
cost-effective, evidence-based, life-saving strategies now. Together with additional effort and support, 
we can protect the health of our nation’s young people. 

Thomas R. Frieden, M.D., M.P.H. 
Director 
Centers for Disease Control and Prevention 
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Introduction

Although conventional cigarette smoking has 
declined markedly over the past several decades among 
youth and young adults in the United States (U.S. 
Department of Health and Human Services [USDHHS] 
2012), there have been substantial increases in the use of 
emerging tobacco products among these populations in 
recent years (Centers for Disease Control and Prevention 
[CDC] 2015c). Among these increases has been a dramatic 
rise in electronic cigarette (e-cigarette) use among youth 
and young adults. It is crucial that the progress made 
in reducing cigarette smoking among youth and young 
adults not be compromised by the initiation and use of 
e-cigarettes. This Surgeon General’s report focuses on the 
history, epidemiology, and health effects of e-cigarette use 
among youth and young adults; the companies involved 
with marketing and promoting these products; and 
existing and proposed public health policies regarding the 
use of these products by youth and young adults.

E-cigarettes include a diverse group of devices that 
allow users to inhale an aerosol, which typically contains 
nicotine, flavorings, and other additives. E-cigarettes vary 
widely in design and appearance, but generally operate in 
a similar manner and are composed of similar components 
(Figure 1.1). A key challenge for surveillance of the prod-
ucts and understanding their patterns of use is the diverse 
and nonstandard nomenclature for the devices (Alexander 
et al. 2016). These devices are referred to, by the companies 
themselves, and by consumers, as “e-cigarettes,” “e-cigs,” 
“cigalikes,” “e-hookahs,” “mods,” “vape pens,” “vapes,” 
and “tank systems.” In this report, the term “e-cigarette” 
is used to represent all of the various products in this rap-
idly diversifying product category. The terms may differ 
by geographic region or simply by the prevailing prefer-
ences among young users. For example, some refer to all 
cigarette-shaped products as “e-cigarettes” or as “cigalikes,” 
and some may refer to the pen-style e-cigarettes as “hookah 
pens” or “vape pens” (Richtel 2014; Lempert et al. 2016).

Figure 1.1 Diversity of e-cigarette products

Source: Photo by Mandie Mills, CDC.
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 This report focuses on research conducted among 
youth and young adults because of the implications of 
e-cigarette use in this population, particularly the poten-
tial for future public health problems. Understanding 
e-cigarette use among young persons is critical because 
previous research suggests that about 9 in 10 adult 
smokers first try conventional cigarettes during adoles-
cence (USDHHS 2012). Similarly, youth e-cigarette exper-
imentation and use could also extend into adulthood; 
however, e-cigarette use in this population has not been 
examined in previous reports of the Surgeon General. 
The first Surgeon General’s report on the health conse-
quences of smoking was published in 1964; of the subse-
quent reports, those published in 1994 and 2012 focused 
solely on youth and young adults (USDHHS 1994, 2012). 
More recently, the 2012 report documented the evidence 
regarding tobacco use among youth and young adults, 
concluding that declines in cigarette smoking had slowed 
and that decreases in the use of smokeless tobacco had 
stalled. That report also found that the tobacco industry’s 
advertising and promotional activities are causal to the 
onset of smoking in youth and young adults and the con-
tinuation of such use as adults (USDHHS 2012). However, 
the 2012 report was prepared before e-cigarettes were as 
widely promoted and used in the United States as they are 
now. Therefore, this 2016 report documents the scientific 
literature on these new products and their marketing, 
within the context of youth and young adults. This report 
also looks to the future by examining the potential impact 
of e-cigarette use among youth and young adults, while 
also summarizing the research on current use, health 
consequences, and marketing as it applies to youth and 
young adults.

Evidence for this report was gathered from studies 
that included one or more of three age groups. We defined 
these age groups to be young adolescents (11–13 years of 
age), adolescents (14–17 years of age), and young adults 
(18–24 years of age). Some studies refer to the younger 
groups more generally as youth. Despite important issues 
related to e-cigarette use in adult populations, clinical and 
otherwise (e.g., their potential for use in conventional 
smoking cessation), that literature will generally not be 
included in this report unless it also discusses youth and 
young adults (Farsalinos and Polosa 2014; Franck et al. 
2014; Grana et al. 2014).

Given the recency of the research that pertains to 
e-cigarettes, compared with the decades of research on 
cigarette smoking, the “precautionary principle” is used 
to guide actions to address e-cigarette use among youth 
and young adults. This principle supports intervention 
to avoid possible health risks when the potential risks 
remain uncertain and have been as yet partially undefined 
(Bialous and Sarma 2014; Saitta et al. 2014; Hagopian et al. 

2015). Still, the report underscores and draws its conclu-
sions from the known health risks of e-cigarette use in 
this age group.

Organization of the Report

This chapter presents a brief introduction to this 
report and includes its major conclusions followed by the 
conclusions of the chapters, the historical background of 
e-cigarettes, descriptions of the products, a review of the 
marketing and promotional activities of e-cigarette compa-
nies, and the current status of regulations from the U.S. 
Food and Drug Administration (FDA). Chapter 2 (“Patterns 
of E-Cigarette Use Among U.S. Youth and Young Adults”) 
describes the epidemiology of e-cigarette use, including cur-
rent use (i.e., past 30 day); ever use; co-occurrence of using 
e-cigarettes with other tobacco products, like cigarettes; 
and psychosocial factors associated with using e-cigarettes, 
relying on data from the most recent nationally representa-
tive studies available at the time this report was prepared. 
Chapter 3 (“Health Effects of E-Cigarette Use Among U.S. 
Youth and Young Adults”) documents the evidence related 
to the health effects of e-cigarette use, including those that 
are associated with direct aerosol inhalation by users, the 
indirect health effects of e-cigarette use, other non-aerosol 
health effects of e-cigarette use, and secondhand exposure 
to constituents of the aerosol. Chapter 4 (“Activities of the 
E-Cigarette Companies”) describes e-cigarette companies’ 
influences on e-cigarette use and considers manufacturing 
and price; the impact of price on sales and use; the rapid 
changes in the industry, particularly the e-cigarette com-
panies; and the marketing and promotion of e-cigarettes. 
Chapter 5 (“E-Cigarette Policy and Practice Implications”) 
discusses the implications for policy and practice at the 
national, state, and local levels. The report ends with a Call 
to Action to stakeholders—including policymakers, public 
health practitioners and clinicians, researchers, and the 
public—to work to prevent harms from e-cigarette use 
and secondhand aerosol exposure among youth and young 
adults.

Preparation of this Report

This Surgeon General’s report was prepared by 
the Office on Smoking and Health, National Center for 
Chronic Disease Prevention and Health Promotion, CDC, 
which is part of USDHHS. The initial drafts of the chap-
ters were written by 27 experts who were selected for their 
knowledge of the topics addressed. These contributions 
are summarized in five chapters that were evaluated by 
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approximately 30  peer reviewers. After peer review, the 
entire manuscript was sent to more than 20 scientists 
and other experts, who examined it for its scientific integ-
rity. After each review cycle, the drafts were revised by the 
report’s scientific editors on the basis of reviewers’ com-
ments. Subsequently, the report was reviewed by various 
institutes and agencies within USDHHS. 

Scientific Basis of the Report

The statements and conclusions throughout this 
report are documented by the citation of studies published 
in the scientific literature. Publication lags have pre-
vented an up-to-the-minute inclusion of all recently pub-
lished articles and data. This overall report primarily cites 

peer-reviewed journal articles, including reviews that inte-
grate findings from numerous studies and books that were 
published through December 2015. However, selected 
studies from 2016 have been added during the review pro-
cess that provide further support for the conclusions in 
this report. When a cited study has been accepted for pub-
lication, but the publication has not yet occurred because 
of the delay between acceptance and final publication, the 
study is referred to as “in press.” This report also refers, on 
occasion, to unpublished research, such as presentations 
at a professional meeting, personal communications from 
a researcher, or information available in various media. 
These references are employed when acknowledged by 
the editors and reviewers as being from reliable sources, 
which add to the emerging literature on a topic.

Major Conclusions

1. E-cigarettes are a rapidly emerging and diversified 
product class. These devices typically deliver nico-
tine, flavorings, and other additives to users via an 
inhaled aerosol. These devices are referred to by a 
variety of names, including “e-cigs,” “e-hookahs,” 
“mods,” “vape pens,” “vapes,” and “tank systems.”

2. E-cigarette use among youth and young adults has 
become a public health concern. In 2014, current 
use of e-cigarettes by young adults 18–24 years of 
age surpassed that of adults 25 years of age and older.

3. E-cigarettes are now the most commonly used 
tobacco product among youth, surpassing conven-
tional cigarettes in 2014. E-cigarette use is strongly 
associated with the use of other tobacco products 
among youth and young adults, including combus-
tible tobacco products.

4. The use of products containing nicotine poses dan-
gers to youth, pregnant women, and fetuses. The use 
of products containing nicotine in any form among 
youth, including in e-cigarettes, is unsafe.

5. E-cigarette aerosol is not harmless. It can con-
tain harmful and potentially harmful constituents, 
including nicotine. Nicotine exposure during ado-
lescence can cause addiction and can harm the 
developing adolescent brain.

6. E-cigarettes are marketed by promoting flavors 
and using a wide variety of media channels and 
approaches that have been used in the past for mar-
keting conventional tobacco products to youth and 
young adults.

7. Action can be taken at the national, state, local, tribal, 
and territorial levels to address e-cigarette use among 
youth and young adults. Actions could include 
incorporating e-cigarettes into smokefree policies, 
preventing access to e-cigarettes by youth, price and 
tax policies, retail licensure, regulation of e-cigarette 
marketing likely to attract youth, and educational ini-
tiatives targeting youth and young adults.
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Chapter Conclusions

Chapter 1. Introduction, 
Conclusions, and Historical 
Background Relative to 
E-Cigarettes 

1. E-cigarettes are devices that typically deliver nico-
tine, flavorings, and other additives to users via an 
inhaled aerosol. These devices are referred to by a 
variety of names, including “e-cigs,” “e-hookahs,” 
“mods,” “vape pens,” “vapes,” and “tank systems.”

2. E-cigarettes represent an evolution in a long history 
of tobacco products in the United States, including 
conventional cigarettes.

3. In May 2016, the Food and Drug Administration 
issued the deeming rule, exercising its regulatory 
authority over e-cigarettes as a tobacco product.

Chapter 2. Patterns of E-Cigarette 
Use Among U.S. Youth and Young 
Adults

1. Among middle and high school students, both ever 
and past-30-day e-cigarette use have more than tri-
pled since 2011. Among young adults 18–24 years 
of age, ever e-cigarette use more than doubled from 
2013 to 2014 following a period of relative stability 
from 2011 to 2013.

2. The most recent data available show that the prev-
alence of past-30-day use of e-cigarettes is similar 
among high school students (16% in 2015, 13.4% in 
2014) and young adults 18–24 years of age (13.6% 
in 2013–2014) compared to middle school students 
(5.3% in 2015, 3.9% in 2014) and adults 25 years of 
age and older (5.7% in 2013–2014).

3. Exclusive, past-30-day use of e-cigarettes among 
8th-, 10th-, and 12th-grade students (6.8%, 10.4%, 
and 10.4%, respectively) exceeded exclusive, 
past-30-day use of conventional cigarettes in 2015 
(1.4%, 2.2%, and 5.3%, respectively). In contrast—
in 2013–2014 among young adults 18–24 years of 
age—exclusive, past-30-day use of conventional cig-
arettes (9.6%) exceeded exclusive, past-30-day use of 

e-cigarettes (6.1%). For both age groups, dual use of 
these products is common.

4. E-cigarette use is strongly associated with the use 
of other tobacco products among youth and young 
adults, particularly the use of combustible tobacco 
products. For example, in 2015, 58.8% of high 
school students who were current users of combus-
tible tobacco products were also current users of 
e-cigarettes.

5. Among youth—older students, Hispanics, and 
Whites are more likely to use e-cigarettes than 
younger students and Blacks. Among young 
adults—males, Hispanics, Whites, and those with 
lower levels of education are more likely to use 
e-cigarettes than females, Blacks, and those with 
higher levels of education.

6. The most commonly cited reasons for using 
e-cigarettes among both youth and young adults are 
curiosity, flavoring/taste, and low perceived harm 
compared to other tobacco products. The use of 
e-cigarettes as an aid to quit conventional cigarettes 
is not reported as a primary reason for use among 
youth and young adults.

7. Flavored e-cigarette use among young adult current 
users (18–24 years of age) exceeds that of older adult 
current users (25 years of age and older). Moreover, 
among youth who have ever tried an e-cigarette, a 
majority used a flavored product the first time they 
tried an e-cigarette.

8. E-cigarette products can be used as a delivery 
system for cannabinoids and potentially for other 
illicit drugs. More specific surveillance measures are 
needed to assess the use of drugs other than nicotine 
in e-cigarettes.

Chapter 3. Health Effects of 
E-Cigarette Use Among U.S. Youth 
and Young Adults

1. Nicotine exposure during adolescence can cause addic-
tion and can harm the developing adolescent brain.
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2. Nicotine can cross the placenta and has known effects 
on fetal and postnatal development. Therefore, nico-
tine delivered by e-cigarettes during pregnancy can 
result in multiple adverse consequences, including 
sudden infant death syndrome, and could result in 
altered corpus callosum, deficits in auditory pro-
cessing, and obesity.

3. E-cigarettes can expose users to several chemicals, 
including nicotine, carbonyl compounds, and vol-
atile organic compounds, known to have adverse 
health effects. The health effects and potentially 
harmful doses of heated and aerosolized constituents 
of e-cigarette liquids, including solvents, flavorants, 
and toxicants, are not completely understood.

4. E-cigarette aerosol is not harmless “water vapor,” 
although it generally contains fewer toxicants than 
combustible tobacco products.

5. Ingestion of e-cigarette liquids containing nicotine 
can cause acute toxicity and possibly death if the 
contents of refill cartridges or bottles containing 
nicotine are consumed.

Chapter 4. Activities of the 
E-Cigarette Companies

1. The e-cigarette market has grown and changed 
rapidly, with notable increases in total sales of 
e-cigarette products, types of products, consolida-
tion of companies, marketing expenses, and sales 
channels.

2. Prices of e-cigarette products are inversely related 
to sales volume: as prices have declined, sales have 
sharply increased.

3. E-cigarette products are marketed in a wide variety 
of channels that have broad reach among youth and 
young adults, including television, point-of-sale, 
magazines, promotional activities, radio, and the 
Internet.

4. Themes in e-cigarette marketing, including sexual 
content and customer satisfaction, are parallel to 
themes and techniques that have been found to be 
appealing to youth and young adults in conventional 
cigarette advertising and promotion.

Chapter 5. E-Cigarette Policy and 
Practice Implications

1. The dynamic nature of the e-cigarette landscape 
calls for expansion and enhancement of tobacco-
related surveillance to include (a) tracking patterns 
of use in priority populations; (b) monitoring the 
characteristics of the retail market; (c) examining 
policies at the national, state, local, tribal, and ter-
ritorial levels; (d) examining the channels and mes-
saging for marketing e-cigarettes in order to more 
fully understand the impact future regulations 
could have; and (e) searching for sentinel health 
events in youth and young adult e-cigarette users, 
while longer-term health consequences are tracked.

2. Strategic, comprehensive research is critical to 
identify and characterize the potential health risks 
from e-cigarette use, particularly among youth and 
young adults.

3. The adoption of public health strategies that are pre-
cautionary to protect youth and young adults from 
adverse effects related to e-cigarettes is justified.

4. A broad program of behavioral, communications, 
and educational research is crucial to assess how 
youth perceive e-cigarettes and associated mar-
keting messages, and to determine what kinds of 
tobacco control communication strategies and 
channels are most effective.

5. Health professionals represent an important 
channel for education about e-cigarettes, particu-
larly for youth and young adults.

6. Diverse actions, modeled after evidence-based 
tobacco control strategies, can be taken at the 
state, local, tribal, and territorial levels to address 
e-cigarette use among youth and young adults, 
including incorporating e-cigarettes into smoke-
free policies; preventing the access of youth to 
e-cigarettes; price and tax policies; retail licensure; 
regulation of e-cigarette marketing that is likely to 
attract youth and young adults, to the extent feasible 
under the law; and educational initiatives targeting 
youth and young adults. Among others, research 
focused on policy, economics, and the e-cigarette 
industry will aid in the development and imple-
mentation of evidence-based strategies and best 
practices.
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Historical Background

Understanding the role of e-cigarettes requires 
understanding the long history of tobacco use in the United 
States, including the role of nicotine delivery, the mul-
tiple examples of “reduced-harm” products and associated 
health claims, and the impact of using tobacco products on 
the public’s health. Since the late nineteenth century, when 
the “modern” cigarette came into use, scientists and public 
health officials have linked cigarette smoking to a remark-
able number of adverse effects, and it is now recognized as 
the primary cause of premature death in the United States 
(USDHHS 2014). Correspondingly, for a century, manufac-
turers, scientists, entrepreneurs, and public health leaders 
have promoted or recommended product changes that 
might remove some of the harmful elements in cigarette 
smoke. E-cigarettes are among the latest products.

E-cigarettes are designed for users to inhale nico-
tine, flavorings, and other additives through an aerosol. 
The claims and marketing strategies employed by the 
e-cigarette companies, and the efforts made by others to 
develop scientific and regulatory tools to deal with these 
new products, both contribute to the current discourse 
on e-cigarettes. Many lessons for assessing the poten-
tial (and future) consequences of these products can be 
learned from examining the relevant experiences of the 
past century, especially the introduction of novel prod-
ucts (including e-cigarettes as well as other tobacco and 
nicotine products) and the claims of reduced exposure to 
toxins made by the industry and elsewhere.

Early Efforts to Modify Cigarettes

In the 1880s and 1890s, entrepreneurs promoted 
novel products that allegedly blocked nicotine and other 
constituents of conventional cigarettes believed to be 
poisonous. Dr. Scott’s Electric Cigarettes, advertised 
in Harper’s Weekly, claimed not only to light without 
matches but also to contain a cotton filter that “strains 
and eliminates the injurious qualities from the smoke,” 
including nicotine (Harper’s Weekly 1887). Nicotine 
delivery was essential to the development of the modern 
cigarette in the twentieth century; early on, this substance 
was thought to be addicting and thus vital to retaining 
customers. In 1913, the Camel brand was a new kind of 
cigarette that introduced high-nicotine content by using 
burley tobacco, which was generally too harsh to inhale 
into the lungs, but was made more inhalable through the 
addition of casings (e.g., sugars, licorice) (Tindall 1992; 
Proctor 2011). In 1916, American Tobacco introduced 

its Lucky Strike blended cigarette, and in 1918 Liggett & 
Myers (L&M) reformulated its Chesterfield brand to make 
it more palatable to users. As the market grew, advertise-
ments for major brands routinely included health-related 
statements and testimonials from physicians. During 
the 1930s and 1940s, prominent advertising campaigns 
included claims like “Not a cough in a carload” (Old Gold) 
(Federal Trade Commission [FTC] 1964, p. LBA-5); “We 
removed from the tobacco harmful corrosive ACRIDS 
(pungent irritants) present in cigarettes manufactured 
in the old-fashioned way” (Lucky Strike) (FTC 1964, 
p. LBA-2); and “Smoking Camels stimulates the natural 
flow of digestive fluids … increases alkalinity” (Camel) 
(FTC 1964, p. LBA-1a). Thus, early modifications to the 
cigarette were made so that it was more palatable, had a 
higher nicotine delivery and uptake, and could be mar-
keted as “safe” (FTC 1964; Calfee 1985).

Filters, Tar Reduction, and Light and 
Low-Tar Cigarettes

The landmark 1964 Surgeon General’s report on 
smoking and health concluded that cigarette smoking 
contributed substantially to mortality from certain spe-
cific diseases, including lung cancer (U.S. Department of 
Health, Education, and Welfare 1964). Although the 1964 
report considered the topic, it found the evidence insuffi-
cient to assess the potential health benefits of cigarette fil-
ters. Cigarettes with filters became the norm by the 1960s, 
and marketing them with an overt message about harm 
reduction became the standard (National Cancer Institute 
[NCI] 1996). However, the Surgeon General convened 
another group of experts on June 1, 1966, to review the 
evidence on the role played by the tar and nicotine con-
tent in health. The group concluded that “[t]he prepon-
derance of scientific evidence strongly suggests that the 
lower the ‘tar’ and nicotine content of cigarette smoke, 
the less harmful are the effects” (Horn 1966, p. 16,168). 
Subsequent studies have repeatedly failed to demonstrate 
health benefits of smoking light and low-tar cigarettes 
versus full-flavor cigarettes (Herning et al. 1981; Russell 
et al. 1982; Benowitz et al. 1983, NCI 2001).

Over the years, the tobacco industry used multiple 
methods to reduce the machine-tested yields of tar and 
nicotine in cigarettes as a way to claim “healthier” ciga-
rettes. Beginning in the 1970s, tobacco companies adver-
tised the tar and nicotine levels for their cigarettes, which 
encouraged smokers to believe, without substantiation, 
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they could reduce their risk of exposure to these constitu-
ents (Cummings et al. 2002; Pollay and Dewhirst 2002). 
In 1996, the FTC issued a statement that it would allow 
cigarette companies to include statements about tar and 
nicotine content in their advertising as long as they used a 
standardized machine-testing method (Peeler 1996).

The Role of Nicotine and Nicotine 
Delivery

Although the public health community under-
stood early on that nicotine was the primary psycho-
active ingredient in cigarette smoke, before the 1980s, 
little was known about the importance of nicotine in the 
addiction process beyond what the cigarette manufac-
turers had learned from their own research. Some scien-
tists warned that due to nicotine addiction, a reduction 
in nicotine yields, along with decreases in tar, could lead 
smokers to change their smoking behavior, such as by 
smoking a greater number of cigarettes to maintain their 
nicotine intake or changing their behavior in more subtle 
ways, such as varying the depth of inhalation or smoking 
more of the cigarette (Jarvis et al. 2001; National Cancer 
Institute 2001; Thun and Burns 2001). Not until the 1970s 
and 1980s, as researchers studying other forms of drug 
abuse began to apply their research methods to cigarette 
smoking, did it become apparent that nicotine was similar 
in its addictive capability to other drugs of abuse, such as 
heroin and cocaine (USDHHS 1981, 1988). As described 
in the 1988 Surgeon General’s report and in subsequent 
research, symptoms associated with nicotine addiction 
include craving, withdrawal, and unconscious behaviors 
to ensure consistent intake of nicotine (USDHHS 1988; 
al’Absi et al. 2002; Hughes 2007).

Although the tobacco industry has long understood 
the importance of nicotine to maintain long-term ciga-
rette smokers through addiction, public health officials 
did not fully appreciate this in a broad sense until the 
1988 Surgeon General’s report, The Health Consequences 
of Smoking: Nicotine Addiction (USDHHS 1988).

FDA and Nicotine Regulation

In 1988 (and again in 1994), the Coalition on 
Smoking OR Health and other public-interest organi-
zations petitioned FDA to classify low-tar and nicotine 
products as drugs and to classify Premier, the short-
lived “smokeless cigarette product” from R.J. Reynolds, 
as an alternative nicotine-delivery system (Stratton et al. 
2001). The Coalition on Smoking OR Health cited indirect 

claims made through advertising and marketing as evi-
dence of R. J. Reynolds’s intent to have the product used 
for the mitigation or prevention of disease (Slade and 
Ballin 1993). Meanwhile, FDA launched an investigation 
into the practices of the tobacco industry, including the 
manipulation of nicotine delivery. FDA asserted its juris-
diction over cigarettes and smokeless tobacco and issued 
certain rules governing access to and promotion of these 
products (Federal Register 1996). On March 21, 2000, the 
U.S. Supreme Court ruled 5-4 that Congress had not yet 
given FDA the necessary statutory authority to issue any 
rules pertaining to tobacco products (Gottleib 2000; FDA 
v. Brown & Williamson Tobacco Corp. 2000). The subse-
quent debate over control of nicotine products, including 
their potential impact on youth, ultimately led to the pas-
sage of the 2009 Family Smoking Prevention and Tobacco 
Control Act, which gave FDA authority to regulate tobacco 
products. Thus, discussions about the introduction of 
novel nicotine-containing tobacco products in the market 
during the 1980s and 1990s helped shape the current reg-
ulation of tobacco and nicotine products.

New products introduced in the 1990s or later 
included modified tobacco cigarettes (e.g., Advance, 
Omni); cigarette-like products, also called cigalikes 
(e.g.,  Eclipse, Accord); and smokeless tobacco products 
(e.g., Ariva, Exalt, Revel, snus). Advance, made by Brown 
and Williamson, was test-marketed with the slogan “All 
of the taste … Less of the toxins.” Vector launched a 
national advertising campaign for its Omni cigarette 
with the slogan “Reduced carcinogens. Premium taste.” 
In addition to the question of whether the claims were 
supported by sufficient evidence, scientists and tobacco 
control leaders raised concerns about the potential for 
adverse consequences associated with novel nicotine and 
tobacco products marketed for harm reduction, such as a 
reduction in cessation rates or increased experimentation 
by children (Warner and Martin 2003; Joseph et al. 2004; 
Caraballo et al. 2006). Studies have shown that smokers 
are interested in trying novel “reduced-exposure” products 
and perceive them to have lower health risks, even when 
advertising messages do not make explicit health claims 
(Hamilton et  al. 2004; O’Connor et al. 2005; Caraballo 
et al. 2006; Choi et al. 2012; Pearson et al. 2012).

At FDA’s request, the Institute of Medicine (IOM 
[now the National Academy of Medicine]) convened a 
committee of experts to formulate scientific methods and 
standards by which potentially reduced-exposure products 
(PREPs), whether the purported reduction was pharma-
ceutical or tobacco related, could be assessed. The com-
mittee concluded that “[f]or many diseases attributable to 
tobacco use, reducing risk of disease by reducing expo-
sure to tobacco toxicants is feasible” (Stratton et al. 2001, 
p. 232). However, it also cautioned that “PREPs have not 
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yet been evaluated comprehensively enough (including to less harm reduction for a population (as well as less risk 
for a sufficient time) to provide a scientific basis for con- reduction for that individual) than would occur without 
cluding that they are associated with a reduced risk of dis- the PREP, and possibly to an adverse effect on the popula-
ease compared to conventional tobacco use” (Stratton et al. tion” (Stratton et al. 2001, p. 235). Subsequently, in 2006, 
2001, p. 232). The committee added that “the major con- Judge Kessler cited these findings in her decision which 
cern for public health is that tobacco users who might demanded the removal of light and low-tar labeling due 
otherwise quit will use PREPs instead, or others may ini- to the misleading nature of these claims (United States v. 
tiate smoking, feeling that PREPs are safe. That will lead Philip Morris 2006).

The E-Cigarette

Invention of the E-Cigarette

An early approximation of the current e-cigarette 
appeared in a U.S. patent application submitted in 1963 by 
Herbert A. Gilbert and was patented in August 1965 (U.S. 
Patent No. 3,200,819) (Gilbert 1965). The application was 
for a “smokeless nontobacco cigarette,” with the aim of 
providing “a safe and harmless means for and method of 
smoking” by replacing burning tobacco and paper with 
heated, moist, flavored air. A battery-powered heating ele-
ment would heat the flavor elements without combustion 
(Gilbert 1965). The Favor cigarette, introduced in 1986, 
was another early noncombustible product promoted 
as an alternative nicotine-containing tobacco product 
(United Press International 1986; Ling and Glantz 2005).

The first device in the recent innovation in 
e-cigarettes was developed in 2003 by the Chinese pharma-
cist Hon Lik, a former deputy director of the Institute of 
Chinese Medicine in Liaoning Province. Lik’s patent appli-
cation described a kind of electronic atomizing cigarette 
(Hon 2013). With support from Chinese investors, in 2004 
the product was introduced on the Chinese market under 
the company name Ruyan (Sanford and Goebel 2014). The 
product gained some attention among Chinese smokers 
early on as a potential cessation device or an alternative 
cigarette product.

The e-cigarette was part of the U.S. market by the 
mid-2000s, and by 2010 additional brands started to 
appear in the nation’s marketplace, including Ruyan and 
Janty (Regan et al. 2013). Ruyan gained a U.S. patent for 
its product with the application stating that the product 
is “an electronic atomization cigarette that functions as 
substitutes (sic) for quitting smoking and cigarette sub-
stitutes.” (U.S. Patent No. 8,490,628 B2, 2013). In August 
2013, Imperial Tobacco Group purchased the intellectual 
property behind the Ruyan e-cigarette for $75 million. 
As of 2014 an estimated 90% of the world’s production 
of e-cigarette technology and products came from main-
land China, mainly Guangdong Province and Zhejiang 
Province (Barboza 2014).

Sales of e-cigarettes in the United States have risen 
rapidly since 2007. Widespread advertising via television 
commercials and through print advertisements for pop-
ular brands, often featuring celebrities, has contributed 
to a large increase in e-cigarette use by both adults and 
youth since 2010 (Felberbaum 2013; King et al. 2013; 
Regan et al. 2013). Additionally, marketing through social 
media, as well as other forms of Internet marketing, has 
been employed to market these devices (Huang et al. 2014; 
Kim et al. 2014).

In 2013, an estimated 13.1 million middle school 
and high school students were aware of e-cigarettes 
(Wang et al. 2014). According to data from the National 
Youth Tobacco Survey, in 2011 the prevalence of current 
e-cigarette use (defined as use during at least 1 day in 
the past 30 days) among high school students was 1.5%; 
prevalence increased dramatically, however, to 16% by 
2015, surpassing the rate of conventional-cigarette use 
among high school students (CDC 2016b; see Chapter 
2). This equates to 2.4 million high school students and 
620,000 middle school students having used an e-cigarette 
at least one time in the past 30 days in 2015 (CDC 2016b).

These trends have led to substantial concern and 
discussion within public health communities, including 
state and national public health agencies, professional 
organizations, and school administrators and teachers. 
A primary concern is the potential for nicotine addiction 
among nonsmokers, especially youth and young adults, 
and that this exposure to nicotine among youth and young 
adults is harmful. The diversity and novelty of e-cigarette 
products on the market and ongoing product innova-
tions make assessments of the biological effects of current 
e-cigarettes under actual conditions of use—such as their 
long-term harmfulness—difficult to measure. Unanswered 
questions remain about the risk profile of these devices, 
their potential use by young people as a first step to other 
nicotine products, and their total impact on public health. 
There are diverging opinions about the potential public 
health impact of these new products. Some public health 
scientists have highlighted the potential for alternative 
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nicotine products to serve as a substitute for conventional 
cigarettes and thus a harm reduction tool (Henningfield 
et al. 2003; Abrams 2014). Others have cautioned that 
the use of alternative nicotine products might become 
a bridge that may lead to greater tobacco product use—
including dual- or multiple-product use—or initiate nico-
tine addiction among nonsmokers, especially youth (Cobb 
et al. 2010; Wagener et al. 2012; Benowitz and Goniewicz 
2013; Britton 2013; Chapman 2013; Etter 2013; USDHHS 
2014). Current evidence is insufficient to reject either of 
these hypotheses.

E-Cigarette Products

Components and Devices

E-cigarette devices are composed of a battery, a res-
ervoir for holding a solution that typically contains nico-
tine, a heating element or an atomizer, and a mouthpiece 
through which the user puffs (Figure 1.2). The device 
heats a liquid solution (often called e-liquid or e-juice) 
into an aerosol that is inhaled by the user. E-liquid typi-
cally uses propylene glycol and/or glycerin as a solvent for 
the nicotine and flavoring chemicals

Flavors and E-Cigarettes

The e-liquids in e-cigarettes are most often flavored; 
a study estimated that 7,700 unique flavors exist (Zhu 
et al. 2014) and that most of them are fruit or candy fla-
vors (Figure 1.3). A content analysis of the products avail-
able via online retail websites documented that tobacco, 
mint, coffee, and fruit flavors were most common, fol-
lowed by candy (e.g., bubble gum), unique flavors (e.g., 
Belgian waffle), and alcoholic drink flavors (e.g., straw-
berry daiquiri) (Grana and Ling 2014). Some retail stores 
are also manufacturers that create custom flavors, which 
increases the variety of flavors available.

The widespread availability and popularity of fla-
vored e-cigarettes is a key concern regarding the potential 
public health implications of the products. The con-
cern, among youth, is that the availability of e-cigarettes 
with sweet flavors will facilitate nicotine addiction and 
simulated smoking behavior—which will lead to the 
use of conventional tobacco products (Kong et al. 2015; 
Krishnan-Sarin et al. 2015). Flavors have been used for 
decades to attract youth to tobacco products and to mask 
the flavor and harshness of tobacco (USDHHS 2012). 
Industry documents show that tobacco companies mar-
keted flavored little cigars and cigarillos to youth and to 
African Americans to facilitate their uptake of cigarettes 
(Kostygina et al. 2014). Companies also intended flavored 
smokeless tobacco products to facilitate “graduation” to 

unflavored products that more easily deliver more nico-
tine to the user (USDHHS 2012). Various studies have 
shown that youth are more likely than adults to choose 
flavored cigarettes and cigars (CDC 2015b). Concern over 
these findings led Congress to include a ban on character-
izing flavors for cigarettes, other than tobacco or menthol, 
in the Tobacco Control Act. A similar concern exists about 
e-cigarettes, and this concern is supported by studies indi-
cating that youth and young adults who have ever used 
e-cigarettes begin their use with sweet flavors rather than 
tobacco flavors (Kong et al. 2015; Krishnan-Sarin et al. 
2015). Notably, 81.5% of current youth e-cigarette users 
said they used e-cigarettes “because they come in flavors I 
like” (Ambrose et al. 2015).

E-Cigarette Devices

First-generation e-cigarettes were often similar in 
size and shape to conventional cigarettes, with a design 
that also simulated a traditional cigarette in terms of the 
colors used (e.g., a white body with tan mouthpiece). 
These devices were often called cigalikes, but there were 
other products designed to simulate a cigar or pipe. Other 
cigalikes were slightly longer or narrower than a cigarette; 
they may combine white with tan or may be black or col-
ored brightly. These newer models use a cartridge design 
for the part of the device that holds the e-liquid, which is 
either prefilled with the liquid or empty and ready to be 
filled. The user then squeezes drops of the e-liquid onto a 
wick (or bit of cotton or polyfil) connected to the heating 
element and atomizer (Figure 1.4). As e-cigarettes have 
become more popular, their designs have become more 
diverse, as have the types of venues where they are sold 
(Noel et al. 2011; Zhu et al. 2014).

Second-generation devices include products that 
are shaped like pens, are comparatively larger and cylin-
drical, and are often referred to as “tank systems” in a nod 
to the transparent reservoir that holds larger amounts 
of e-liquid than previous cartridge-containing models. 
Third- and fourth-generation devices represent a diverse 
set of products and, aesthetically, constitute the greatest 
departure from the traditional cigarette shape, as many 
are square or rectangular and feature customizable and 
rebuildable atomizers and batteries. In addition, since the 
beginning of the availability of e-cigarettes and their com-
ponent parts, users have been modifying the devices or 
building their own devices, which are often referred to 
as “mods.” The differences in design and engineering of 
the products are key factors in the size, distribution, and 
amount of aerosol particles and the variability in levels of 
chemicals and nicotine present in the e-liquid/aerosol and 
delivered to the user (Brown and Cheng 2014).
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Figure 1.2 Parts of an e-cigarette device

Source: Photo by Mandie Mills, CDC.


